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MOVEMENT OF BETA-IRRADIATED EPIDERMAL BASAL CELLS TO THE 
SPINOUS-GRANULAR LAYERS IN THE ABSENCE OF CELL DIVISION 
HISAMI EToH, PH.D. *, YASUKO H . TAGUCHI , PH .D.*, AND JosEPH TABACHNICK , PH.nt 
Laboratory of Expermental Dermatology , Division of Laboratories, Albert Einstein Medical Center, 
Philadelphia, Pennsy lvania 
Guinea-pig epidermis was irradiated with 3000 rad of beta rays 1 hr after two injections of 
[ 3H ]thymidine 5 hr apart (labeled cells in S phase and G 2 phase) or 18 hr after injection (la-
beled early G 1 cells). In nonirradiated epidermis labeled basal cells divided within 24 hr with 
daughter cells remaining in the basal layer, and approximately 50% of the labeled cells moved 
into the spinal layer by the 3rd day. Cell division in nonirradiated epidermis diluted the num-
ber of silver grains/nucleus, and lightly labeled cells were found in the granular layer by day 
7. Beta irradiation inhibited cell division but it did not slow the rate of transit (ca 8 days) of 
irradiated labeled cells from basal to granular layer, some of these remaining heavily labeled. 
Although cell division may play some role in upward movement of basal cells in normal epi-
dermis detachment of a basal cell from the basement membrane and its transit to the granular 
layer is unimpaired in the absence of cell division. These findings suggest that some radio-
resistant metabolic function (s), not cell division, is responsible for upward movement of 
basal cells. 
The experiments of Leblond, Greulich and Pe-
reira [1] using tritium-labeled thymidine {[ 3H ]-
TdR) and rat esophagus epithelium revealed that 
when basal cells divided in this stratified squamous 
epithelium, both daughter cells remained in the 
basal layer. These authors concluded that it was 
the mechanical pressure of cell division which 
forced a neighboring postmi totic cell into the upper 
different iating layers, thus maintaining a steady-
state population. This concept has been reaffirmed 
by Bullough [2]. Weinstein and Van Scott reported 
that side-by-side pairs of labeled cells were often 
seen after cell division in normal and psoriatic 
human epidermis [3] . On the other hand, Pinkus 
and Hunter [4] reported that in normal human 
epidermis and after Scotch tape stripping, at least 
50% of mitotic axes were oriented vertical to the 
skin surface and only one-third or less were hori-
zontal. In studying the effect of beta irradiation on 
epidermal cell population kinetics in guinea-pig 
epidermis [5] we gained the. impression that the 
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upward movement of basal cells occurred even 
after a mitosis-inhibiting dose of ionizing radia-
tion. To verify this impression, we followed the 
transit of irradiated labeled cells to day 13 post ir-
radiation, and present data demonstrating that 
basal cells move to the granular layer in the 
absence of cell division. 
MATERIALS AND METHODS 
[ 3H]TdR-labeled basal cells irradiated in S phase and 
G2 phase . Three male albino guinea pigs (499 ± 3 gm ) 
were injected intraperitoneally (ip ) with 1 1-LCi/gm 
[ 3H]TdR at 8:00 AM and again at 1:00 PM. The second 
injection was given prior to mitosis of cells labeled by the 
first injection (DNA synthesis phase (S) = 9.4 hr and G 2 
= 5.3 hr [5]). This was done to increase the number of 
grains/nucleus and the number of labeled cells . One hour 
after the second injection, hair was closely clipped from 
the flank of animals anesthetized with pentobarbital (30 
mg/kg, ip injection) and the animals were irradiated in 
three 25 mm x 25 mm areas on one flank and two on the 
other, with 3000 rad beta rays from a 9 0Sr- 9 0Y sealed 
source which has been previously described [6]. Approxi-
mately Y2 to 1 hr following irradiation, biopsy specimens 
were taken with a very sharp scissors from the center of 
an irradiated area and an adjacent nonirradiated area. 
Biopsies were also obtained on days 1, 3, 5, 7, and 9 post 
irradiation. The biopsy specimens were fixed in Bouin 's 
solution, embedded in paraplast, and cut longitudinally 
in serial sections at 5 J.L thickness. For autoradiography, 
the slides were dipped in Kodak NTB-2 emulsion, 
maintained at 45°C, and were developed with Kodak 
D-19 developer after 3 weeks' exposure with desiccant at 
4°C. The developed autoradiographs were stained with 
Mayer's haem alum and eosin . The number of labeled and 
nonlabeled basal , spinous, and granular cells were 
counted in 5 mm of interfollicular epidermis for every 
lOth section, a total of 4 em (ca 4000 cells) for each 
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biopsy. Cells with 3 or more grains were scored as labeled 
cells. 
[ 3H]TdR-labeled cells irradiated in early G1 phase. 
Four male albino guinea pigs (400-500 gm) were injected 
ip with 2 J.LCi/gm [3H ]TdR at 4:00 PM and their closely 
clipped flanks irradiated with 3000 rad of beta irradiation 
18 hr after injection. This interval is sufficiently long to 
insure that all labeled basal cells had passed through 
mitosis [5 ]. Biopsy specimens were removed 1 hr after 
injection, 1 day, and thereafter at 2-day intervals up to 
day 13 post irradiation (day 14 after injection). To 
determine whether clipping of hair affected transit time 
of labeled cells, two types of control biopsies were taken: 
(1) from a clipped, nonirradiated area up to day 14, and 
(2) immediately after shaving; i.e. , hair was clipped from 
an area at each time interval and the biopsy taken. These 
controls gave similar results and only data with the 
former are presented. Biopsy specimens were prepared 
for autoradiography and scored as above . 
RESULTS 
Labeled Cells Irradiated in S and G2 Phase 
At zero time ( 1 hr after the second [3H ]TdR 
injection) , all of the labeled cells (mean 8.7 ± 
2.0/mm) were located in the basal layer and, 
within 24 hr, there is an approximate doubling in 
their number as a result of cell division in nonir-
radiated epidermis (Fig. lA ). By day 3 after 
injection, about 50% of labeled cells moved into the 
spinous layer (Fig. 1B), confirming the finding of 
others with rat esophagus [1]. In contrast to the 
nonirradiated epidermis, the number of labeled 
cells/mm in irradiated skin remained essentially 
unchanged to day 3 after irradiation, indicating no 
cell division occurred during this interval (Fig. 
1A). The Table shows mitotic indices in nonir-
radiated and irradiated epidermis within 3 days 
after irradiation. In consequence of suppression of 
cell division by a high dose of radiation, the mitotic 
index (Ml) in irradiated basal layer decreased to 
one-tenth that of control. Despite the absence of 
cell division to day 3 after irradiation, about 50% of 
the irradiated labeled cells in the basal layer 
appeared in the spinous layer (Fig. 1B). Between 
days 3 and 7, labeled basal cells continued to move 
into the spinous layer in the nonirradiated epider-
mis. In the irradiated tissue, however, there was no 
significant increase of labeled cells/mm in the 
spinous layer evident after day 3, while labeled 
basal cells continued to decrease during this period 
(Fig. lA) , suggesting that the latter cells autolyzed 
in the basal layer. We have simplified Figure 1B 
showing the combined data of labeled cells in 
spinous and granular layers. One and 3 labeled 
cells/mm were found in nonirradiated granular 
layer by days 5 and 9, and 1 labeled cell/mm was 
found in the granular layer of irradiated epidermis 
by day 9. 
Figure 2 shows the steady-state basal and spi-
nous cell number/mm in nonirradiated epidermis 
and the rate of depopulation to about 50% of their 
initial number by day 9 post irradiation. The 
decrease in number of basal cells on day 3 was 
about 10% of control. Figure 3 shows a control and 
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FIG. 1. Changes in 3H-TdR-labeled cell number of the 
basal (A) and spinous-granular (B) layers in nonirradiated 
(open circles) and 3000 rad beta irradiated (closed circles) 
epidermis. 
TABLE. Mitotic indices of irradiated and nonirradiated 
epidermis within 3 days after irradiation 
Days Number Number Percent 
after 
of total of of MI ± S.E. irrad- mitoses 
iation cells mitoses (MI) 
1323 3 0.23 
0 1380 6 0.43 
1942 5 0.26 
Control 0.31 ± 0.04 
1890 4 0.21 
1 1944 8 0.41 
1663 5 0.30 
1690 1 0.06 
1915 0 0.00 
1 2178 0 0.00 0.023 ± 0.02 1639 0 0.00 
1294 1 0.08 
1374 0 o.6o 
3000 rad 
1118 1 0.09 
1425 0 0.00 
3 1450 1 0.07 0.04 ± 0.02 
1701 0 0.00 
1619 1 0.06 
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FIG. 2. Rate of depopulation in basal and spinous 
granular layers after 3000 rad beta irradiation . Steady-
state population in basal (A) and spinous-granular (B) 
layers of nonirradiated epidermis (open circ.les) and rate 
of cell loss in irradiated epidermis (closed clrcles) to day 
9. 
an irradiated epidermis on day 3 after irradiation 
with 3000 rad and the absence of pair-labeled cells 
in the irradiated tissue (no division). 
Additional evidence that labeled basal cells 
move upward in absence of cell division is pre-
sented as a histogram of the percent distribution of 
labeled cells by their grain density over the 9-day 
interval (Fig. 4) . Between 200 to 450 labeled cells 
were scored to obtain the data for each day. The 
mean grain count for the three animals at zero time 
(1 hr after the second injection) was 16 ± 12 
grains/nucleus, with some heavily labeled cells 
containing 40 or more grains/nucleus. As a result of 
cell division in the basal layer of nonirradiated 
epidermis, lightly labeled cells were observed in 
the spinous and granular layers by day 9. After 
3000 rad beta irradiation, there is no cell division to 
day 3 and, as a result, some heavily labeled cells 
( 40 or more grains) which did not pass through 
mitosis (M phase) were seen in the spinous layer at 
that interval (Figs, 3, 4) . By day 9 some of these 
heavily labeled cells had moved into the granular 
layer (Fig. 4). 
Labeled Cells Irradiated in Early G 1 Phase 
In nonirradiated epidermis there was an anproxi-
mate halving of grains (Fig. 5) and doubling of 
FIG. 3. Nonirradiated (A) ~nd 3000 rad beta irradiated 
epidermis (B) day 3 after [3HTfdR inject ion and irradia-
tion. Arrows indicate labeled cells. In nonirradiated 
epidermis (A ) one member of a labeled pair has moved 
into the spinous layer. In irradiated epidermis (B) there 
are several cell distances between the heavily labeled 
cells signifying no cell division of labeled cells but one of 
these has moved in to the spinous layer ( x 260). 
NON IRRAOIATEO CON TROL 3000R A D )I -I RRAOI AT ION 
NUMBER OF GRA INS 
FIG. 4. Histogram of percent distribution of lightly to 
heavily labeled cells from basal to granular layers up to 
day 9 post irradiation. Cell division in basal layer of 
nonirradiated epidermis results in only lightly labeled 
cells appearing in spinous and granular layers on days 7 
to 9. In irradiated epidermis, however, the presence of 
heavily labeled cells in spinous and granular layers on 
days 7 and 9 post irradiation indicates upward movement 
of nondividing basal cells. 
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FIG. 5. Changes in mean number of grains/nucleus of 
cells irradiated in early G 1• Nonirradiated epidermis (open circles) shows halving of grains 18 hr and 4 days 
after injection due to two divisions. Irradiated labeled 
cells show a delay in division up to day 3 post irradiation 
(day 4 after injection) and cell division (some abnormal, 
see text) between days 3 and 5 post irradiation. Each 
point is the average of 2 animals. 
labeled basal cell number/mm 18 hr after [3H ]TdR 
injection (Fig. 6A ), indicating cell division had 
occurred during this interval. As a result of this 
division, the majority of labeled cells appeared as 
pairs in the basal layer. The skin was irradiated at 
this stage. The grain counts in irradiated basal 
cells were similar up to day 3 post irradiation (Fig 
5). The decrease in grain density between days 3 
and 5 in irradiated cells (Fig. 5) suggests that cell 
division did occur during this interval post irradia-
tion. This delayed division was probably abnor-
mal, however, since binucleate cells were seen in 
the whole epidermis between days 5 and 9 post 
irradiation and were occasionally found in the 
granular layer by day 11. Postirradiation division 
was not sufficient to compensate for the continued 
depopulation to 25% of the initial basal cell num-
ber/mm by day 13 post irradiation (Etoh et al, 
unpublished data). 
Three thousand rad beta irradiation had no 
effect on the movement of labeled early G 1 cells out 
of the basal layer (Fig. 6A). Up to day 3 post 
irradiation, despite the absence of cell division , the 
number of labeled cells entering the spinous layer 
in irradiated epidermis was similar to that in the 
control (Fig. 6B). There was a leveling off in the 
number of irradiated labeled basal cells entering 
the spinous layer after day 3 post irradiation (Fig. 
6B) similar to that observed during this interval in 
the first experiment (Fig. 1B). 
DISCUSSION 
The sequence of histologic and some histochem-
ical changes 1 hr to 1 year after 3000 rad beta irra-
diation to albino guinea-pig skin, as well as altera-
tions in epidermal cell population kinetics and cell 
cycle parameters, have been described [5, 7 ]. Al-
though there is a progressive depopulation of the 
basal cells to about 25% of the control value by day 
Vol. 64, No.6 
15 after 3000 rad beta irradiation (Etoh et al, un-
published data) no striking changes can be ob-
served in the epidermis within 3 days, except for 
occasional cells with pyknotic nuclei [7]. A marked ' 
hyperplasia becomes evident at the radiation mar-
gin by days 12 to 14 post irradiation and, shortly 
thereafter, these rapidly proliferating cells spread 
over the depopulated area (epithelization) covering 
it within 7 days [5 ]. It is to be noted that the ex-
periments reported here were terminated prior to 
active epithelization. 
Based on dose-survival curves, the Do (dose 
reducing the number of cells capable of prolifera-
tion to 37%) of mouse epidermal basal cells has 
been estimated as 135 rad and that of pig basal 
cells as 345 rad (see review in [5]). It is not 
surprising, therefore, that a sterilizing dose of 3000 
rad beta irradiation delayed cell division of la-
beled cells for at least 3 days (Tah.). When division 
did occur (Fig. 5) it appeared to be abnormal 
and resulted in the formation of binucleate cells. 
Of interest, however, was the finding that this high 
dose had no observable effect on the upward move-
ment of irradiated labeled cells from the basal to 
the granular layers (Figs. 1, 4, 6). The transit time 
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FIG. 6. Effect of 3000 rad beta rays on transit of early 
G 1 labeled basal cells. (A) Doubling of labeled cells 
indicates one division has occurred prior to irradiation 
and there is a similar decrease of labeled cells from the 
basal layer of nonirradiated (open circles) and irradiated 
epidermis (closed circles). (B) The rate of movement of 
labeled cells into the spinous-granular layers is similar 
for nonirradiated (open circles) and iradiated (closed 
circles) cells up to day 3 post irradiation (day 4 after 
[ 3H ]TdR injection). The plateau from days 4 to 10 in 
irradiated spinous-granular layer is due to insufficient 
basal cell division and heightened cell loss after day 6 
(Fig. 2). Each point is mean ± S.E. of 4 animals. 
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of the majority of labeled basal cells from basal to 
the granular layer (about 30 J.L distance) was 7 to 9 
days for nonirradiated and irradiated labeled cells. 
The rate of decrease in labeled basal cell number 
was similar in both irradiated and nonirradiated 
epidermis until the end of the experiments (Figs. 
1A, 6A). It would appear that heavily irradiated 
basal·cells entering the spinous layer within 3 days 
post irradiation do not die but go on to differenti-
ate, whereas those remaining in the basal layer (ca 
50%) are destined to die (Fig. 2A). The result is 
almost total denudation of the irradiated area 
within 2 weeks [5, 7; Etoh et al, unpublished data 1. 
Two factors may account for the ability of 
lethally irradiated basal cells to reach the granular 
layer. (1) The metabolic function(s) required for 
detachment of basal cells from the basement 
membrane must be radioresistant. (2) When nonir-
radiated or irradiated basal cells move into the 
spinous layer they become nondividing cells. This 
transit prevents these irradiated cells from under-
going reproductive death (cell death occurring· 
after one or more cell divisions). 
Cell division has been considered the force which 
pushes a postmitotic basal cell into the spinous 
layer [1,2], but in irradiated epidermis some mech-
anism other than cell division is responsible for the 
slow upward movement of basal cells to the differ-
entiating layers and the original concept needs to 
be modified or a new one proposed. There is 
evidence supporting the hypothesis that epidermis 
and dermis are connected by a highly viscous bond 
[8], but we have no knowledge of the mechanism 
responsible for detachment of these cells from the 
basement membrane in nonirradiated or irradiated 
skin . Since little or no hypertrophy (as evidenced 
by swollen nuclei) was evident to day 3 post 
irradiation [5, 7] when 50% of irradiated basal cells 
had moved out of the bsal layer (Fig. lB) , this 
cannot be considered a force responsible for the 
upward movement. 
One might have anticipated our finding , how-
ever, since upward movement of nondividing intes-
tinal crypt cells was observed after 1500 rad of 
x-rays to C57 mice [9] and also reported by Devik 
with the WLO mouse strain [10]. More recently, 
nondividing crypt cells were reported to migrate to 
the villi after methotrexate treatment to adult rats 
[11]. Sherman and Quastler [9] concluded that the 
movement of cells along the villi is not caused by a 
push of cells coming from the crypt, but rather by a 
continuous loss of cells frnm the tip of the villi. A 
similar phenomenon in skin would be the normal 
daily desquamation from the surface of the 
stratum corneum, but it is difficult to understand 
how this is eventually interpreted as a signal for 
detachment of cells from the basement membrane. 
A feedback mechanism involving epidermal cha-
lone has been proposed as a basis for maintaining a 
steady-stated population (2]. 
We wish to thank Mrs. Helen Straub for her skilled 
editing and typing of the manuscript. 
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